Malaria incidence in Perak, Malaysia has generally declined, but there remain regions of high incidence. The spatio-temporal distribution pattern of malaria in Perak was studied using Geographical Information Systems (GIS) and spatial statistical tools. Malaria data cases at the subdistrict level in Perak from 2007 to 2011 were analysed to determine the spatial and temporal distribution patterns of malaria incidence. Geographical Information Systems (GIS) and spatial statistical tools were used to identify spatial correlation in the data and malaria hot-spots. Spatial correlation was tested by using an autocorrelation method called Moran's I. Hot spot analysis was done using Getis-Ord G * statistic technique. Malaria incidence rates were categorized into 3 classes to map the spatial distribution. Malaria cases in Perak were geo-spatially clustered. Most of the hot spots locations were in Kenering, Ulu Kinta, Gerik and Kampar sub-districts. The prevalence of malaria among foreigners was noticeably higher than Malaysians. Improved surveillance of foreign workers can prevent outbreaks and identify high risk areas. This study implies that geographic-based mapping and information system are needed for an effective malaria control.
Introduction
Malaria is one of the most deadly vector-borne diseases in the world. In 2010, there were about 216 million malaria cases worldwide, with an estimated death of 655,000 [1] . While malaria rates are declining worldwide, there remain geographic regions where incidence rates remain high. Similarly, in Malaysia overall rates of mala-ria have declined over the past decade [1] , but in rural areas like Sabah, Sarawak, and Perak the incidence remains high [2] . Malaysia is currently moving towards malaria elimination [1] and control of malaria outbreaks in high risk areas is the key to achieve this goal. Since malaria incidence is geographically clustered in rural regions, mapping the location of disease-occurrence can be used to identify high-risk areas for prevention activities. Geographic information systems (GIS) have emerged as a new way to collect and manage outbreak data related to location and time.
Traditionally, malaria occurrence was described as the ratio of case numbers at a particular time to the median of past case occurrences [3] . However, since malaria cases vary from one place to another, the spatial and time components must also be taken into consideration to obtain a complete picture of the incident. Spatio-temporal interactions among health events are an important component in epidemiological and public health study. In public health, spatial analysis is used to detect and quantify the patterns of disease distribution that may offer an insight into a disease's epidemiology [4] . Although spatial analytical techniques rarely give reasons for why spatial patterns occur, they are able to identify the locations of cases and can provide a useful means to hypothesize about the health outcomes [5] .
Many spatio-temporal studies on infectious diseases such as typhoid and dengue had been carried out in Malaysia [6] - [8] , but very few on spatio-temporal studies on malaria. Thus, in this study a spatial analysis was applied in order to map the spatial distribution of malaria cases in Perak. 
Methodology
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In this study, the spatial distribution of malaria incidence in Perak was examined using ArcGIS 10.0 [9] to perform spatial statistic analysis. Previously, transition probability models, which describe temporal transition of a variable from one nominal value (or state) to another, have been used to characterize outbreak patterns of infectious diseases from historical data [10] .
We tested for spatial correlation in Perak's malaria cases using an autocorrelation method called Moran's I. Moran's I measures spatial autocorrelation and it is usually applied to area units where numerical ratio or interval data are available [11] .
Hot spot analysis using Getis-OrdGi * statistic technique was carried out. The results of z-scores and p-values indicate the high or low value clusters spatially [12] . This tool works by looking at each feature within the context of neighbouring features. A feature with a high value is interesting but may not be a statistically significant hot spot. To be a statistically significant hot spot, a feature will have a high value and surrounded by other features with high values as well. The local sum for a feature and its neighbours are compared proportionally to the sum of all features; when the local sum is very different from the expected local sum, and that difference is too large to be the result of random chance, statistically significant z-score results [3] .
The malaria incidence rate was categorized into three classes: 0 cases (class 1), 0 to 1 cases (class 2), and >1 cases (class 3) per 1000 population. These classes were also being used by Ministry of Health to classify the areas of malaria burden. The distribution of malaria from the year 2007 to 2011 was mapped according to the classes. 
Results
A total of 1478 malaria cases were reported between 2002 to 2011 in Perak. Malaria cases in Perak showed an overall decline over the past decade except a noticeable increase in 2007 (Figure 2) . Additionally, in the past 10 years, there has been an increase in the proportion of malaria cases among foreigners (Figure 3) .
To assess the spatial distribution of malaria cases in the sub-districts of Perak, we used Moran's I as an index of spatial autocorrelation. Results from Moran's I test on malaria incidence for Perak indicated that there was positive spatial autocorrelation in malaria incidence within sub-districts. The Moran's I for malaria cases was 0.03 (p < 0.01) while the z-score was 3.38 (p < 0.01). Thus, the spatial distribution of malaria cases in the district is spatially clustered. Figure 4 shows the result of Moran's I analysis.
Hot spot analysis using GetisOrd-Gi * statistic estimation was applied in this study to locate "hot spots" for malaria cases in Perak. The red colored areas in Figure 5 represent hot spots of malaria incidence density. Using a malaria density map, we were able to target specific areas within Perak that show the highest incidence of cases.
Most of the hot spot locations were in Kenering and Ulu Kinta sub-districts. However, it was also found that there were two locations of high malaria density located in the sub-districts of Gerik and Kampar.
The sub-districts of Perak were divided into three classes based on malaria incidence rates (Figure 6 ). Class 1 represents malaria-free areas, class 2 represents areas of medium incidence rates and class 3 represents areas of the highest incidence rates. The areas in class 3 were located mainly along the north and northwest areas of the state. 
Discussion
A retrospective analysis of malaria incidence for the past decade in Perak was performed. The marked increase of cases in the years 2007 and 2011 was due to localised outbreaks in the Kenering sub-district. Interestingly, one of the outbreak areas had been malaria free since 1998 [13] . Reintroduction of the disease could have been caused from numerous factors. These factors included weather conditions, the presence of competent malaria vectors, reintroduction of malaria parasites through human hosts, or through the proximity to malaria endemic countries [14] such as, Thailand.
As presented in Figure 3 , a higher prevalence of malaria was found among foreigners, as compared to Malaysians. Over the years, the number of foreign workers in Malaysia has increased [15] . Foreigners who are working in Malaysia on a long term basis are required to apply for working permits. In order to get the permit, they have to undergo screening procedures to ensure that they are free from any infectious diseases. Temporary foreign workers from Thailand are not subjected to this screening. Though these workers may test negative for malaria, upon relapse or asymptomatic malaria, they can be an active carrier. This poses a threat as they are frequently employed in palm oil and rubber plantations where the malaria vectors are abundant. Improved surveil-lance of foreign workers can prevent outbreaks and identify high risk areas.
Our result showed that the malaria incidence in Perak occurred in geographic clusters. This is in consistent with previous findings that infectious diseases spread in cluster spatio-temporally [8] [16] [17] . Although a gradual decrease in malaria cases throughout the state had been observed over this period, there were still subdistricts with high malaria incidence. In general, these are the areas with high vector population and high number of foreign workers employed in the agricultural sector.
For this study, malaria incidence in Perak was mapped at the sub-district levels. Malaria needs to be mapped on many different layers, from country level down to village level for a quality control measures. Even in small area, malaria incidence has a significant spatial and temporal heterogeneity on the finer spatial and temporal scales [18] . The distribution of malaria vectors also needs to be mapped as it will provide valuable data on where the species occur. Accurate information on the distribution of malaria permits interventions to be targeted to the foci of transmission and the locations of high malaria risk within them [19] . A working dynamic, geographic-based mapping and information system will enable the integration of malarial control efforts and epidemiologic data to guide management of the disease and its impact at local and countrywide levels [20] . Thus, further studies should be carried out to identify malaria vectors distribution and risk factors for malaria transmission.
